Background: During the four-month internal medicine clerkship in their final year, undergraduate medical students are closely involved in patient care. Little is known about what constitutes their typical learning experiences with respect to patient diversity within the different subspecialties of internal medicine and during on call hours.
Background
General internal medical diseases such as hypertension, diabetes or renal insufficiency are highly prevalent in adults [1] and will be even more relevant in the future due to an aging population in many countries [2, 3] . They can interfere with the management of other, unrelated problems, e.g. perioperative care [4, 5] or anaesthesia [6] and require an acquaintance with multiple medications from all medical disciplines [7] . Therefore, all medical school graduates need to be equipped with the necessary knowledge and skills to deal with common internal medical conditions, independently of their discipline of choice for postgraduate training.
On the other hand, medical knowledge and treatment options are growing ever more complex [8] and subspecialization is inevitable, especially in internal medicine [9] . As early as the 1980s, specialty training and board certification in a certain internal medicine subspecialty became the norm in America [10] . In Germany, particularly at university and other teaching hospitals, internal medicine departments are subspecialized. Hence, depending on the specific curriculum at a given medical school, the majority of the undergraduate teaching is delivered by specialists, who will often only cover their area of expertise. If learning objectives for general internal medicine are not well defined, these circumstances could lead to a lack of general internal medicine training.
Junior doctors from Ireland reported in a survey that they felt inadequately prepared for internship by medical school [11] . A study amongst German physicians in their first and second year of postgraduate training revealed perceptions of unpreparedness with respect to general internal medicine skills such as EKG interpretation as well as treatment and therapy planning [12] . Those skills are especially needed for patient encounters during on call hours when diagnoses have to be made quickly to initiate emergency treatment [13] .
In the final year of their six-year undergraduate training medical students in Germany are required to complete a four-month hospital based rotation in internal medicine [14] . During that time on the wards, they clerk patients and learn the day-to-day practical tasks of being a physician. We hypothesize that the specific patients they encounter in the different subspecialties of internal medicine greatly influence their learning experiences. To our knowledge there has been no study detailing the nature of these different internal medicine patient encounters in undergraduate medical education. Furthermore, it is not known whether learning experiences in internal medicine with respect to patient encounters differ between learning on the wards and whilst on call. It has been demonstrated though that great differences in clerkship experiences exist between family medicine, paediatrics and internal medicine [15] . In postgraduate medical education, subspecialty elective exposures were without impact on outcomes on the American board of internal medicine certification examination [16] .
In order to analyze how well graduates are being prepared in dealing with common internal medical problems, we characterized the patient diversity encountered by final year students during their internal medicine clerkship. Our research questions were: are clerkships in different subspecialties of internal medicine at a university hospital associated with a more limited education in general internal medicine? Do patient encounters during on call periods differ from those on the specialized wards? Our primary objective was to quantify, qualify and compare the spectrum of conditions within the various subspecialties of internal medicine including those during on-call hours that students encounter during their final year clerkship.
Methods

Setting
At Hamburg University Medical Center the four month final year internal medicine clerkship is split into two rotations of eight weeks. For these, depending on availability, each student can choose two of the following subspecialties of internal medicine at our university hospital: cardiology, endocrinology, gastroenterology, infectious diseases, nephrology, oncology/hematology, and pulmonology. The medical content of the internal medicine rotation is currently not regulated or standardized. The students perform supervised work, similar to that of interns on internal medicine wards. They are specifically encouraged to clerk in new patients. Shadowing the on call internal medicine resident had not been part of the regular clerkships so far.
Participants
All final year medical students who started their internal medicine clerkship in the July and December 2013 cohorts at Hamburg University Medical Center were invited to participate in this study. Participation was voluntary and prior to enrolment participating students gave informed consent. They could leave the study at any time without giving any reasons.
Patient encounter cards (PECs)
Based on patient encounter cards, which included age and sex of the patient as well as location of the encounter, level of involvement or supervision, diagnostic procedures, principal diagnosis (including aetiology, organ system involvement, and severity of complications), and up to four secondary diagnoses [15] , and post-encounter forms [17] , PECs were developed for students in their final year internal medicine rotation to document the patients they encountered during their work on the wards. Each student created a unique code for pseudonymization. Parameters for documentation included: 1) patient demographic information such as age and sex, 2) chief complaint (CC), 3) suspected main diagnosis (SMD), 4) up to four relevant secondary diagnoses, 5) planned investigations (PI), and 6) planned therapy (PT). Students were given written and oral information on how to fill in the PECs and any remaining questions were addressed during the first week of the study. Initially participants were provided with 20 PECs, to be carried in the pockets of their white coats. They were asked to document every patient encounter they considered significant and in which they were involved with respect to clerking and/or participating in management decisions regarding diagnostic and/or therapeutic considerations. Students were asked to complete the PECs to the best of their knowledge without help from staff or supervisors. The PECs were collected two to three times per week, and students were provided with an additional supply of PECs when needed.
On call
Students were encouraged to shadow the internal medicine on call resident. These shifts lasted from 5 pm until 10 pm on weekdays and students were given compensatory time off on the wards. On call, PECs were identical to normal PECs but yellow in color. At Hamburg University Medical Center the out-of-hours internal medicine on call resident is responsible for all patients admitted under internal medicine as well as patients admitted under other specialties who present with additional internal medical problems. Typical activities range from dealing with emergencies (e.g. pulmonary edema) to checking results of blood tests.
Ethics
The study was performed in accordance with the Declaration of Helsinki and a member of the Ethics Committee of the Chamber of Physicians, Hamburg, confirmed the innocuousness of the study protocol.
Analyses
We used an observational study design where the unit of observation was a single student-patient interaction, as documented by the PECs, and the unit of analysis was the combined data of all these interactions/PECs within the different subspecialties ( Figure 1 ). For comparison of the different subspecialties, we grouped all PECs according to the subspecialties (cardiology, endocrinology, gastroenterology, infectious diseases, nephrology, oncology/ hematology, and pulmonology) to which the students were assigned. All PECs that were completed during on calls were grouped together and handled as a separate "subspecialty".
Prior to data collection, chief complaints (CCs) were categorized based on our faculty's clerkship logbook which includes a list of common chief complaints [18] . Suspected main diagnoses (SMDs) were classified based on the ICD-10 system [19] . We grouped CCs and SMDs according to clinical judgement of the authors. For example, all primary lung cancers were put into a combined group, irrespective of histology or exact site. SM and PG grouped CCs independently and SH was involved in the discussion when no consensus on the grouping of a CC could be reached.
We also developed a blueprint of commonly encountered diagnostic procedures prior to data collection. The diagnostic procedures ranged from simple bed side tests (e.g. pulse oximetry) to invasive diagnostic procedures (e.g. intracardiac catheter). After completion of the study, ambiguous answers were discussed (PG, SM) and manually assigned to a category. Upon data analysis, any diagnostic procedure or therapy that was not precategorized was either added to a fitting category or grouped as a new category according to clinical judgement. Each diagnostic procedure was categorized as either basic (e.g. pulse oximetry) or non-basic (e.g. cardiac catheterization) according to our faculty's clerkship logbook [18] involving a similar process of discussion as mentioned above when no consensus could be reached about how to categorize a diagnostic procedure. Planned therapies were categorized analogous to diagnostic procedures.
Statistical methods
Data for study participants and PECs collected are expressed as mean ± standard deviation. Student's t-test was used to compare means. Chief complaints, suspected main diagnosis, investigations and therapies are expressed as percentage of all completed PECs collected within a subspecialty. The chi-squared test was used to explore the relationship between frequencies and subspecialties. Statistical analysis was performed using Excel (Microsoft®) and GraphPad Prism version 6.04 for Windows, GraphPad Software, San Diego California USA. P < 0.05 was considered statistically significant.
Results
Demographics
All 25 students (16 female, nine male) from the two cohorts who were approached participated in the study and completed it. The mean age of all participants was 26.4 ± 2.1 years (female: 26.4 ± 2.2; male: 26.3 ± 2.1). We collected and analysed a total of 496 PECs. Each student completed on average 19.8 PECs ± 10.0 (female: 19.6 ± 11.0; male: 22.2 ± 8.5). There was no statistically significant difference between the sexes.
Chief complaints
We found differences in both the diversity and nature of the chief complaints encountered within the different subspecialties. The greatest diversity was observed in the on call patients where the three most common chief complaints together accounted for only 23% of all on call PECs (Figure 2) . On the wards, the three most common CCs ranged from 37 to 82%. The three most commonly encountered CCs were for the subspecialties: nephrology: fatigue and B symptoms, dyspnea, urogenital; endocrinology: admitted-with-diagnosis, fatigue and B symptoms, dyspnea/ musculoskeletal; infectious diseases: admitted-with-diagnosis, fatigue and B symptoms, fever; gastroenterology: admitted-with-diagnosis, abdominal pain, abnormal liver function tests; oncology/hematology: fatigue and B symptoms, admitted-with-diagnosis, musculoskeletal; pulmonology: dyspnea, cough, fatigue and B symptoms; cardiology: dyspnea, chest pain, admittedwith-diagnosis. The most commonly encountered complaint on call was abdominal pain.
Suspected main diagnosis
The percentage of the three most commonly encountered suspected main diagnoses (SMDs) per subspecialty or on call, respectively, is shown in Figure 3 . The distribution of diseases for the respective ranks per specialty is displayed in Table 1 . The greatest range of diagnoses was encountered during the on call periods, where the three most common SMDs together accounted for only 25% of the total diagnoses. On the wards, the three most common SMDs ranged from 32% to 63% in the different subspecialties. As a general measure of diversity of SMDs we calculated how many of the most common diagnoses were needed to represent >75% of all diagnoses within a respective subspecialty. These were 15 (on call), 10 (nephrology, infectious diseases), six (cardiology), and five (endocrinology, gastroenterology, pulmonology, oncology/hematology). The percentage of subspecialty-specific main diagnoses per subspecialty is shown in Table 2 . While on the cardiology wards 89% of the main diagnoses were diseases from the subspecialty of cardiology only 24% of diagnoses on the ward for infectious diseases were specific infectious diseases.
Secondary diagnoses
Students were asked to document up to four relevant secondary diagnoses per patient on their PECs. We particularly looked for common general internal medicine diseases, in particular for: atrial fibrillation, anaemia, respiratory tract infections, COPD, diabetes, hypertension, hyperthyroidism, and renal insufficiency (Table 3) . These diseases accounted for 7.7% (oncology/haematology) to 28.7% (pulmonology) of all documented relevant secondary diagnoses per specialty. Pulmonology, cardiology and nephrology showed the widest variety of these general internal medicine diseases while in endocrinology and oncology/hematology hardly any of these common general internal medicine diseases were documented as secondary diagnoses.
Diagnostics and therapy
The percentage of all investigations that were classified as "basic" differed between the subspecialties, ranging from 82% (on call) to 37% (pulmonology) (Figure 4 ). No significant difference was found between on call and nephrology, the two subspecialties with the highest percentage of "basic" diagnostics. We found similar results for the percentage of "basic" therapy ( Figure 5 ). The range for "basic" therapy was between 94% (on call) and 50% (oncology/hematology). Infectious diseases and nephrology were the two subspecialties, which showed no significant difference compared with on call.
Discussion
Acquisition of general internal medicine knowledge and basic diagnostic, therapeutic and management skills are an important goal of internal medicine clerkships during undergraduate medical education. Students should be provided with relevant internal medicine assets, which will be useful independently of their further postgraduate training. Our findings suggest that the patient mix encountered by medical students during their final year internal medicine clerkship at a tertiary care center is narrow and specialized in most subspecialties. This Nephrology 54%
Infectious diseases 24%
reflects the increasing specialization and subspecialization in the field of internal medicine [9] . Interestingly, some subspecialties, in our study nephrology and also infectious diseases, provide a range of basic diagnostic and therapeutic skills which is as broad as during on call patient encounters. A survey of US internal medicine subspecialty fellows has shown that nephrology is being considered a very difficult subject matter to grasp [20] . This study and our data suggest that clinical thinking to choose the correct diagnostic and therapeutic measures seems to play a major role in this subspecialty resulting in a broader variety of procedures to be learned. In other subspecialties, e.g. oncology/hematology, the three most common chief complaints and suspected main diagnoses accounted for 82% and 63% of the total, respectively. Furthermore, within a narrow spectrum of conditions, the students encountered a large percentage of rare disease. For example, in endocrinology, rare endocrine tumors and syndromes accounted for 31% and 18% of all diagnoses, respectively. This means that a student might spend the whole internal medicine clerkship without ever treating a patient with hypertension, pneumonia or any other common conditions of general internal medicine he will have to deal with even during postgraduate training in surgery. However, a study on the impact of subspecialty elective exposures on outcomes on the American board of internal medicine certification examination did not demonstrate significant positive associations between individual subspecialty elective exposures and ABIM-CE mean standardized passing score [16] .
Despite these results for postgraduate training, we consider a greater patient variety to be relevant for the acquisition of general internal medicine knowledge 
Renal insufficiency (%) during undergraduate internal medicine clerkships. Our data show, that a larger patient diversity with respect to diagnoses and to basic diagnostic and therapeutic procedures can be achieved by being exposed to learning experiences on call. Integrating on call rotations into internal medicine clerkships would be in line with the suggested core condition of "supported participation" for clinical workplace learning [21] . Hence, it should be considered to become a mandatory part of the curriculum for internal medicine clerkships. This would also be in line with the suggestions towards more competencybased medical education [22] , which will have significant implications for the planning of internal medicine clerkships. Furthermore, other educational means, such as conference attendance and self-directed reading of an electronic knowledge resource [23] as well as multisource feedback [24] have been shown to be significantly associated with knowledge acquisition during internal medicine residency. These educational means might also support learning in undergraduate medical education. In our setting, cardiology, pulmonology and gastroenterology showed the least variety in main diagnoses from the field of general internal medicine. However, clinical experiences with many different diseases during undergraduate training have been found to be important for expertise development in medical education with respect to knowledge encapsulation and illness script formation [25] . When we looked at a subset of common internal medicine conditions, we found that all students in all subspecialties encountered at least some of them as relevant secondary diagnoses. For students who encounter only a very limited number of specific main diagnoses in one subspecialty, teaching could focus also on secondary diagnoses of patients to broaden the spectrum of diseases encountered and to enhance clinical reasoning skills in students [26] . Furthermore, to expand the spectrum of problems to which students can be exposed, clinical teaching can be enriched by written clinical cases, simulated patients and other teaching methods, which should be made available to clinical teachers by the curricular planners [27] .
In addition to including on call encounters in the internal medicine clerkship curriculum for final year undergraduate students, or to also focus teaching on secondary diagnoses from the field of general internal medicine, another option might be to shorten the rotations to four weeks per ward, which would give every student the opportunity to collect experiences from four different specialties. While subspecialty experience in internal medicine undergraduate training has been shown to be of value [28] , rotating to four different wards will not solve the problem of encountering many patients with rare diseases or using very specialized tests or therapies rather than being exposed to more general internal medicine problems and basic diagnostic procedures and therapies while being on call. Additionally, with shorter rotations students will have to adjust to new nursing staff, new supervisors, and different working habits on new wards more frequently, which might impair their learning experience in the first couple of days. Our data show, that patients are admitted to the university hospital in several subspecialties with a diagnosis, which requires further specialized diagnostic or treatment. Many of these patients will have had more basic investigations or therapies in the community or smaller hospitals prior to admission. Thus, students at a university hospital will not have been engaged with this process. Much of the process of clinical decision-making and patient management, however, can be developed best by task-based learning [29] or by observing and forming an educational relationship with a role model [30] . Shadowing the resident on call would provide possibilities for both educational strategies and provide a broader understanding of general internal medicine problems. In addition, it exposes students to dealing with emergencies, which junior doctors find particularly challenging and feel ill prepared for by their undergraduate training [31] .
One limitation of our study is the small number of participants. Although we collected 496 completed PECs from students in seven internal medicine subspecialties, some of these, for example endocrinology, only had a limited number of PECs (n = 31). Students were allocated their specific rotations according to choice, thus we cannot differentiate how much difference between the subspecialties is due to a difference in intrinsic motivation for a certain subspecialty and how much is due to differences between the students. Some students only completed very few PECs, which limits how well their PECs represented their learning environment. Finally, our study was limited to a single tertiary care center. Therefore, generalization of our findings might be difficult. However, our findings might still raise the awareness that certain problems regarding appropriate learning encounters for general internal medicine may exist.
Conclusions
Internal medicine clerkships at a university hospital provide students with very limited patient diversity in many internal medicine subspecialties except nephrology. Shadowing the resident on call was associated with a much greater variety of common complaints, main suspected diagnoses, and basic diagnostic and therapy. To equip medical students with a broader diversity of general internal medicine skills at tertiary care centers, shorter rotations or on call learning opportunities should become a mandatory part of the final year internal medicine clerkship. Whether such curricular adaptations will also lead to better exam results needs to be investigated in further studies.
